The following paper presents dangerous and evident phenomenon of communicational chaos in the field of environment protection and sustainable development in a turbulent external environment. It is pointed that this phenomenon gives organizations an opportunity to take pretended pro-environmental actions, such as socially critical greenwashing. As a counterbalance to those practices, a concept of Corporate Social Responsibility (CSR) is presented, underlining the possibility of developing honest environmental marketing basing on methods such as Life Cycle Assessment.
Introduction
Constantly changing conditions of external environment intensify possibilities of unpredictable occurrences and in effect a threatening image crisis of an organization. Nowadays this is even more severe due to new technologies  the flow of information happens at almost the speed of light and events spread as fast as never before, causing tremendous turbulences [1] .
Rapid pace of production and emphasis on lowering costs are accompanied by risk and uncertainty and therefore require a necessity of operational security. Organizations lean towards concepts such as sustainable development, which constitute a natural antidote for negative voices of public opinion and enable to rebuild frayed image.
Turbulent external environment is linked to clearly noticeable chaos  including communication chaos, which creates an opportunity to undertake pretended CSR actions in a form of greenwashing, dangerous from both environmental and social perspective. Successful method of countering such practices is promotion of more objective methods of environmental impact assessment, such as Life Cycle Assessment (LCA).
First of all, it should be emphasized, that LCA is one of the most objective study methods of environmental influences of organizations-enterprises, but actually every type of people activity. Although it is never possible to eliminate so called human factor, connected with objects' choice, parameters choice, or individual interpretation, the endpoint of this kind of life cycle research are numerical results which enable relatively accurate assessment and comparison. Such numerical result would be especially desirable in sustainability and corporate responsibility studies, where we can observe clear lack of objective criteria and there are rather guidelines than rules mentioned. Sometimes a reference point for sustainable development become legal regulations: to obey the law, but very often it is not enough to be sustained.
According to all above questions, implementation of LCA, as a general method of system inputs and outputs investigation and as a useful research technique, can be very important for development of CSR and sustainability concepts, making a big contribution both to economic science and to practical management activities. In the future it should also be possible to avoid not only definitional or measurement problems but also such, described below, dangerous phenomena as greenwashing and other examples of green noise or informational chaos, especially connected with turbulent, demanding continuous competence confirmation, environment. It should also give the enterprises the best possible communication tool in accordance with the principle of transparency. Journal and is more explicit  "little green lies" [3] .
Authors of the report have also spotted so called "10 Signs of Greenwash", which can be a confirmation of deliberate disinformation in the image creating [3] :
1) Fluffy language: words or terms with no clear meaning (e.g. eco-friendly).
2) Green product vs. dirty company: such as efficient lightbulbs made in a factory that pollutes rivers.
3) Suggestive pictures: green images that indicate a (unjustified) green impact (e.g. flowers blooming from exhaust pipes).
4) Irrelevant claims: Emphasizing one tiny green attribute when everything else is not green.
5) Best in class: declaring you are slightly greener than the rest, even if the rest are pretty terrible.
6) Just not credible: "eco-friendly" cigarettes, anyone? "Greening" a dangerous product does not make it safe.
7) Jargon: Information that only a scientist could check or understand.
8) Imaginary friends: a "label" that looks like third party endorsement-except that it's made up.
9)
No proof: it could be right, but where's the evidence?
10) Outright lying: totally fabricated claims or data.
In other version of greenwashing analysis, there is presented another version of mentioned signs [4] . 6) Sin of Lesser of Two Evils  claims that may be true within the product category, but that risk distracting the consumer from the greater environmental impacts of the category as a whole. ExamExamples include: organic cigarettes or green herbicides [4] .
Percentage of documented cases of six sins of greenwashing presents chart on Fig. 3 [4] .
As a result of greenwashing research, there were identified four types of environmental actions. Value to the environment and effectiveness of communications matrix is presented in Fig. 4 [3] .
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 Misguided Greenwash
This category includes companies that have made substantial efforts to improve the environmental performance of their products and processes but are unable to communicate these efforts effectively. These companies may be making sweeping generalizations in their claims to try to sound "environmentally friendly" or they may be using language that turns off potential customers. They have the potential to move towards the "Effective Environmental Communications" quadrant by focusing their messages accurately on key impacts backed up with data [3] .
 Unsubstantiated Greenwash
At first glance, these companies seem to be doing commendable work and providing data to back up their claim. However, a deeper dive shows that the company does not deserve as much credit as it seems. It may be lobbying against the very environmental policies it claims to uphold, or it may be putting more resources into its communications than its actual initiatives. False efforts will eventually be uncovered as the public becomes more educated and sensitive to greenwash, and it is only a matter of time that these companies will be sent to the "Greenwash Noise" quadrant [3] .
 Greenwash Noise
In cases where a company says, "we're green", but does not have much to back up this claim, these messages are not compelling to consumers. Much work needs to be done to move these companies to the top right quadrant, but it is feasible. By assessing the company's impacts throughout the value chain, developing and implementing an environmental strategy, and then communicating these efforts accurately, these companies can create a path to the "Effective Environmental Communications" quadrant [3] .
 Effective Environmental Communications
This is the goal we have for all companies. These businesses are improving the environmental and social performance of their products and aligning these efforts throughout various functions within the company. They are able to communicate their efforts so that consumers clearly understand the impacts, and other businesses look to these companies for leadership [3] .
What is essential is that greenwashing does not only substitute honest environmental communication, but also, or possibly more importantly, becomes a social issue.
Primary addressees of all corporate environmental communication are called as green consumers. They exclude the following group of products from their sphere of interests [5] :
 Products harmful to health,  Products generating serious environmental damages during their production, use, and waste management phase,  Products causing excessive use of resources in their production, use, and waste phase,  Products generating large amounts of waste, containing resources from endangered species and ecosystems,  Products produced in a way that is threatening to animals or having negative impact on other countries, among others  developing ones Green consumers comprise of opinion-forming group of socially responsible leaders. Abuses in green marketing practices may negatively impact their decisions and choices. It is worth underlining that through environmental disinformation and over interpretation consumers and wider circle of organization stakeholders are as a matter of fact encouraged to act contrary to the rules of sustainable development. What is even more important is that in a global sense, gaining awareness of greenwashing practices of organizations can have a demotivating effect and discourage conscious consumers, from a given sector or market, to continue further proenvironmental practices, as they prove to be ineffective.
The assumption, that in such circumstances the most socially desirable  and also socially responsible  way is to promote solutions based not on intuitive feelings of consumers but on actual figures presenting seems to be justified. Also the world of science should be involved in creating such, as objective as possible, rules. It seems, an appropriate starting point here can be the LCA method with all its principles. 
Socially responsible organization
Referring to the social responsibility and sustainability questions in conjunction with LCA, it is important to describe theoretical basis of CSR. Primary set of guidelines concerning the responsibility of business for the impact on external social environmentstakeholders, and natural environment, is covered by a 2001 Green Paper: Promoting framework for Corporate Social Responsibility [6] . Essential matter that is currently discussed and is also reflected in the mentioned Green Paper, is an understanding of organizational mission. Older publications (Milton Friedman and others [7] ) view organization's mission as a way of providing profits for its shareholders. With development of social awareness, the external environment of the organization is currently viewed in broader terms-including not only direct beneficiaries but all stakeholders, representing variety of entities directly and indirectly linked to the organization's operations [10] . Pursuit of acting in harmony with all stakeholders is understood as an element of long term trust building strategy, which will finally come to fruition in form of profits.
Authors of the Green Paper see CSR as a process that gives organizations the ability to manage relationships with groups of stakeholder having a real impact on its activities. Being socially responsible means not only fulfilling legal expectations, but also going beyond compliance and investing "more" into human capital, the environment, and the relations with stakeholders. The experience with investment in environmentally responsible technologies and business practice suggests that going beyond legal compliance can contribute to a company's competitiveness and result in "win-win" effect [6] : good for business and good for the environment.
Valued theoretician of CSR, Archie B. Carroll, created the first and still valid four-stage CSR model. So called Carrols pyramid includes subsequent levels of responsibility: from traditional  economic level, through legislative, ethical, and philanthropic [7] . Profit should therefore be only a baseline responsibility of an organization, followed by adherence to law, acting in accordance with ethical values, and finally by fulfilling civic duties. Interesting approach to Carroll's model was formulated by Magdalena Rojek-Nowosielska [9] . According to her interpretation, legal responsibility is currently required by the external environment and ethical responsibility  even though it is not codified  is expressly expected by organization's stakeholders (Fig. 5 ).
It can be substantiated that practices based on informational noise and intended ambiguity, such as greenwashing, refer primarily to two of the areas mentioned earlier legislation and ethics. Greenwashing is especially common on the shared area on the border of legislation and non-obligatory actions, considered by the stakeholders as expected. As was mentioned in the introduction, legal level of activity is required, but social expectations and  referring to Carroll's and Rojek-Nowosielska's terms [8] , [9]  desires go far beyond it.
For that season law not always can be a good tool to measure CSR: real CSR starts only where the law is obeyed. For this reason it is important to demonstrate to stakeholders all those elements, which are not covered by the law and may be expressed and confirmed by the accurate, comparable data. Also, for development of knowledge about CSR and sustainability, one of the key challenges is to go beyond theoretical considerations and to start to measure. In the future traditional  so called environmental  LCA may be also supplemented by new modules: Life Cycle Costs (LCC) and Social Life Cycle Assessment (S-LCA), which together cover all areas of sustainability conception and give rise to research on a very large scale.
Informational chaos: Oxodegradability
Due to rapid growth of social awareness, depletion of natural resources and evolution of concept of sustainable development, more significance is placed on the so called environmental efficiency of products. This concept encompasses effectiveness of natural resources usage, minimization of waste creation, and pollution on all stages of a product life cycle, while maintaining sufficient quality of products.
Environmental efficiency is one of the key areas of interests for leading world economists. It was studied by  among others  Stiglitz, Sen and Fitoussi in a report, The Measurement of Economic Performance and Social Progress Revisited [9] . Currently within the field of effective resource use one can observe an emphasis being placed on promoting substitution of traditional plastic with bioplastics, that is, plastic materials produced from renewable resources and biodegradable plastics. Concept of biodegradable plastics is especially becoming a target for greenwashing practices  both in areas of groundless reporting and even outright and deliberate misinformation.
Biodegradability in simple terms denotes biological decay. This phenomenon results from the fact that microorganisms present in the environment, use some materials as a source of nutrition and in turn digest them  what is important is that this process is devoid of any additional chemical additives [11] .
Biodegradation does not apply to traditional polymer plastics such as polyethylene or polypropylene. Those materials were designed to be lasting and resistant to the influence of surrounding biological environment. Even so, market is full of substances (additives) that increase the decay of conventional polymers, causing so called oxodegradation.
Producers speaking the language of science and communicating extraordinary environmental benefits of those additives, advance the greenwashing practices exceptionally far.
Oxodegradable additives are not able to convey true biodegradation and what is more, by polluting the composition of plastics they impede waste treatment methods according to sustainable development. This is not the knowledge available for most consumers, but also here helpful can be general product / process /enterprise LCA, taking into account also recycling or waste disposal period and ways.
Biodegradability and compostability  testing method
It is also important to mention LCA and generally product/process/enterprise Life Cycle in the context of biodegradable materials and composting. In the instance of mentioned greenwashing practice of marketing oxodegradable additives as additives granting biodegradability and/or compostability to traditional plastics, objective assessment method that can prove such claims is defined in EN-13432 standard [12] .
Truly biodegradable and compostabile can be certified by a number of European certification bodies, such as German DIN Certco (Fig. 6 ), Belgian Vinçotte (Fig. 7) . First two certification bodies are also licensed to grant so called internationally recognized Seedling Logo on compostable products (Fig. 8) . Those labels, awarded by acknowledged certification bodies on the basis of laboratory testing according to ISO standards are credible confirmations of proenvironmental quality advantage for producers, consumers, authorities at different levels, and all other relevant stakeholders. In the instance of biodegradability and compostability claims, they are one of the best solutions for all organizations deciding to pursue honest green marketing and effectively combat opportunities for greenwashing.
Life cycle assessment  environmental assessment method
Dissemination of misinformation serving to create environmentally responsible organizational image is one of the more important issues linked to CSR [3] .
As mentioned, such practices are contrary to the rule of long term trust building strategy promoted by the Green Paper [6] . However they can be used as more of a short term tactic [13] . What is underlined by the authors on greenwashing, constant observed increase of knowledge and sensitivity of public opinion on similar matters, allows to easily identify scientifically unsupported environmental declarations [3] .
Abuses of some of the producers can also translate on more general trend of lost confidence of customers and in effect to limiting expectations of organization's responsibilities to the lowest economic level, which will have a negative impact on the social growth. It is therefore very important to search for more objective methods of environmental impact assessment of organizations on its environment. One of the commonly used method is called LCA, along with so called Carbon Footprint indicator calculation.
In the instance of LCA, life cycle has got a different form than in classical examples. In traditional economic sciences, life cycle of organization or product refers to volume of sales in a given time period. In the instance of LCA from the environmental point of view, it is a study of all material inputs and processes needed to create, distribute, use, and dispose of the product, service, or even entire organization. This study leads to the phase of interpretation that can be used to optimize actions within generated environmental impacts and damages  most commonly in three main categories  human health, eco system quality, and the use of resources (Fig. 9) .
LCA is an objective method of assessing such issues as the use of energy, environmental damages, impacts linked to product, processes, or stages of organization's operations within full value chain. LCA gives possibility to calculate detailed and cumulated impact on environment and in the form of environmental declarations provides a proof of conducting effective and sustainable environmental and social communication to the organization itself and to all its direct and indirect stakeholders.
LCA can be perceived on three levels as [14] :  assessment method of environmental impacts and effects,  in the instance of specific use, as a tool for this assessment,  universal philosophy of thinking about an organization in categories of damages and costs that the organization generates; in this sense LCA becomes a full optimization loop, similar in concept to Deming Cycle or Six Sigma.
LCA is an ISO standardized method  LCA concept is described in ISO 14040 [14] standard, and specific aspects in the following standards from the series 14044 [15] , 14047 [16] , and 14049 [17] .
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Carbon footprint  analysis LCA can also be used to calculate the sum of greenhouse gases emissions generated directly and indirectly within a full life cycle of a given subject matter. This is commonly called a Carbon Footprint (CFP) or a Carbon Profile [19] . CFP calculations are promoted by an organization supporting sustainable and low emission economy called Carbon Trust. The company offers a special carbon reduction label (Fig. 10 .) This label can be especially helpful in green marketing as it indicates a total value of greenhouse gases emission (shown as a carbon dioxide equivalent mass) through all processes in life cycle and value chain of assessed product, service, or organization. Similar to the compostability certification, placing a carbon reduction label on the packaging of the product, portrays true and confirmed numerical data of the products' greenhouse gases emissions and helps the consumers in making comparisons and informed decisions, countering dishonest competition.
An example of carbon footprint, comparative analysis of four types of products, utilizing LCA was performed in COBRO -Polish Packaging Research and Development Centre. Four products were assessed for their greenhouse gases emissions  packaging trays of same volume and shape produced from:  Polyethylene terephthalate (PET)  traditional fossil based plastic,  Polypropylene (PP)  traditional fossil based plastic,  Polyethylene terephthalate (PET) with 30 percent content of recycled polyethylene terephthalate (rPET)  traditional fossil based plastic,  Polylactic acid (PLA)  bio-based plastic made primarily from corn-starch [19] .
The first two types belong to the so called conventional plastic group. Those plastics are not biodegradable nor compostable and are considered to be harmful to the environment in the long term by the general public. This is why currently, the industry seeks for more environmentally sustainable alternatives to those materials, which in certain cases, such as in the example of oxodegradable additives, can lead to the phenomena of greenwashing and speaking the language of science with the objective to influence the consumer. The third type of tested packaging is produced from the same conventional plastic as the first one  PET, however in this example, 70% of this material is made from the virgin material and 30% comes from recycling. The producer of this material, took certain real actions that limit the environmental damages during the production process. The last type of material is a fully biodegradable material, which is made entirely from renewable resources, in this case, corn-starch.
Carbon footprint of those products was calculated using LCA software Sima Pro 7.3 by Pré Consultants, using the Intergovernmental Panel on Climate Change (IPCC) Global Warming Potential method. Final numerical results of the study (expressed as kilograms of carbon dioxide equivalent per used functional unit  in this instance 1000 packages of each type of packaging) indicating the total sum of all greenhouse gases directly and indirectly emitted by the assessed product can be found in Table 1 .
Obtained results, as expected, show that the highest carbon footprint indicator belongs to packaging from traditional plastic  Polyethylene terephthalate (PET). In the instance of recycled PET  the same plastic, but with 30 percent content of recovered material, the carbon footprint indicator is 0.018 kg lower, per one package (more than 18 kg carbon dioxide equivalent for 1000 packages). Carbon footprint of other conventional plastic-PP-is on a similar level to PET. Polylactic acid (PLA) however, which in a functional sense can be considered as a more sustainable substitute of PET, has got a carbon footprint of 60% of this for the PET.
This type of numerical data obtained by using standardized methodology, along with clear indication of proportions between results for different products and their possible substitutes, should represent a basis for apt environmental assessment and general management of organization's processes.
It allows to avoid a lack of precision and in extreme cases, abuses in determining pro-environmental actions of the organization, on the other hand it can also be used as a method of preventing image crises of organizations in the field of environment and sustainability.
What should be emphasized, concept of Carbon Footprint calculation, can be also used as a general basis for further CSR and sustain development measurement using LCA principles. Such research has been already started by the authors as a part of doctoral thesis prepared in the Faculty of Management of Warsaw University of Technology in cooperation with COBROPackaging Research Institute, under the direction of Professor Stanisław Tkaczyk. LCA method of inputs and outputs analysis and professional LCA software Sima Pro can be useful also for assessment of other parameters relevant to the concept of CSR.
Conclusions
In the light of presented literature review, LCA principles, and provided examples of results, it seems justified to state, that LCA can be seen as both: promising attempt to introduce specific rules of the CSR or sustainability measurement for the needs of science and the market and as successful way of countering unreliable environmental marketing, known as greenwashing-adopted in different forms: from communication errors, through creating information noise, to finally obvious malpractices  is development of more objective methods of environmental assessment of organization. Those methods should allow to define suitable functional units as a basis of assessment, and show numerical and quantitative values of generated environmental damages. Conducted assessment should also be founded on commonly accepted standards  such as ISO standards. An example of such environmental assessment method is LCA  used for more than 40 years as a method or tool of eco balance, and increasingly viewed as loop of constant organizational improvement. Also future application of this method to recent tasks, especially in area of management sciences and CSR, is promising. 
